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The features of the modern power industry which have developed over almost 150 years will soon undergo very great changes, in view of the need to utilize new sources of energy and new methods for transforming energy. The power industry of the economically advanced countries is at present so immense that it is essential to begin preparing for the changes well in advance.
Recently solar radiation has come to be regarded as one of the new promising sources of energy.1-6 Yet only a short while ago a very modest part had been accorded to it in the future power balance. However, in view of the achievements in physics, the production of new specialized materials, and the possibilities of modem industry, it can be expected that in the near future solar energy can be a supplementary source of energy. Then, as the methods of its utilization are perfected, it could come to play an ever-increasing role.
The problem of utilizing solar radiation could be formulated as studying the interaction of the radial energy of the sun with live and dead matter and determining possible ways for the practical use of this interaction. However, when the problem is formulated in such a general way, the volume of research becomes too large and indefinite. It is expedient to conduct the research first in those directions which could be expected to produce the most important practical results in the shortest space of time. From this point of view, we believe the primary directions of research should be the following: (1) Studies of the Earth's climate and the extent to which it could be controlled. These studies would include both the elaboration of methods for controlling climatic conditions in large territories and also the changing of micro-climates. (2) Studying photochemical processes, particularly photosynthesis, both for the purpose of increasing crop harvests and for determining the From the work done during the last 3-4 years by the Helio Laboratory of the Power Institute of the Soviet Academy of Sciences, the following projects could be mentioned:
The information collected on the number of hours of sunshine and radiation (and in some cases also the temperature and wind velocity), as well as the data on the efficiency of different solar installations, serve as the basis for the determination of the prospects of utilizing solar energy in a given area.
The Helio Laboratory has attempted to determine by statistical methods on the basis of a large number of climatic studies the correlation between the number of hours of sunshine To and the possible number of hours during which solar installations could operate T. as well as the correlation between solar radiation 30 and the amount of energy which could possibly be used 3 The transformation of solar radiation into mechanical or electrical energy is one of the main questions. So far, it is realistic to speak of three ways of transformation: by means of the ordinary steam system, by solar thermoelectrogenerators, and by solar photoelectric batteries.
To obtain capacities from 1,000 to 3,000 kw in a single installation, it is at present most economically advantageous to use the conventional steam system which we have elaborated in detail. When solar radiation is transformed into the heat of steam, the efficiency is about 55-65 per cent, and when transformed into electricity, about 12-15 per cent. These installations could be regarded as prototypes of a power unit for reclaiming arid and semiarid ones and creating oases where they could be utilized for producing electricity, for distilling or pumping water, and for other purposes.
Calculations made in the Helio Laboratory have shown that a steam engine of a capacity of about 1-2 kw can hardly have an efficiency of more than 1 per cent. This is due to the fact that when the size of steam machines is decreased the comparative heat losses are greatly increased as a result of the heat transfer between the steam and walls of the cylinder of the machine. It is also known that even a small admixture of noncondensing gases (air for instance) added to the steam The coefficient of turbulent diffusion is determined on the basis of previous work.9 For preliminary calculations, when 700 < Re < 1,300, the following equation could be used. very little on the temperature of the hot junction, but for others it decreases very sharply. Figure 1 shows for some tellurium compounds with different admixtures the dependence of a', a, X, and z on the temperature of the hot junction. Here a' is the electric conductivity of the material 1/ohm cm; a is the thermoelectric force V/C', and X is the heat conductivity W/cm C'. It is to be noted that in Figures 1-4 and to calculate z, the heat conductivity X must be taken in W/cm C'. At given temperatures of hot and cold junctions of electric batteries, an increase in the coefficient of concentration K = Fbat/Fmir (where Fbat = surface of battery heated by rays in m2 and Fmir = surface of mirror in M2) leads to an increase in the efficiency of the solar thermoelectrogenerator, since at an equal amount of energy received by the battery its heat losses through convection and radiation are lessened because the surface of the batteries heated by the rays is decreased. At a given coefficient of concentration, there exists a maximum temperature of the hot junction, since the heat losses by radiation and convection from the battery grow faster than the quantity of heat transformed into electricity does. However, even at such small concentrations as K = 500, this maximum temperature is considerably higher than the melting point of the existing.materials. The Helio Laboratory is continuing to work on methods of construction. This is one of the most complicated and important problems in creating thermal batteries, since many of the materials investigated proved fragile and unstable. -At working temperatures, they warp and crack. In view of this, as well as because of intercrystalline corrosion, their electric resistance increases in time. Measurements were also made of the coefficient of linear expansion of materials during heating which wholly satisfies the practical requirements. ordinate a is thermoelectric force and ordinate X is thermal conductivity.
The Helio Laboratory also studied the creation of conditions in thermal generators such that the hot junctions of all elements of the battery have the same temperature at a given temperature of the cold junctions. These requirements can be approximated as follows: (a) by making thermoelectric batteries with a special form of hot surface or with thermo-elements of different length (an apiproximate method of determining this form was examined by D. Tepliakov'3); (b) by the use of massive plates which by means of heat conductivity smooths the heat flow on the hot side of the battery (thus it was that A. Okhotin built an experimental solar thermoelectrogenerator); (c) by making the surface of the reflectors in a special form. R. Aaparasi, for instance, designed a special mirror that creates VOL. 47, 1961 where sp is the angle of divergence, K = A/I + tan2 0, 0 is determined from the equation for the focal distance f = p cos 0, CO is determined on the basis that 0 = 0;
Mirrors which give a smoothed flow of radiant energy on the focus are important also for designing solar photoelectrogenerators with an increased concentration of solar radiation.
The silicon photocells with a high efficiency made at first in the United States'4 15 are of great interest in those cases when the cost of the electricity produced is irrelevant, as for instance for man-made space bodies. These photocells are now produced in many countries. However, for the ordinary consumer they are too expensive. It would seem that the problem of creating economically acceptable solar photoelectric generators had reached an impasse, since their working temperature should not exceed about 1000C. However, experiments carried out in the Soviet Union have shown that by increasing the light falling on the photocells it is possible to increase its output considerably if it is cooled artificially.'6. 17 Thus, in some cases we have succeeded in increasing the output of a photoelement 70 times by increasing the light falling on it 160 times. Under certain conditions it is profitable to concentrate the rays, since the cost of a unit of surface of the photocells is several hundred times greater than that of mirrors. We believe that by using concentrating mirrors, cooling the photoelements, and improving the tapping of the current, it would be possible to solve the problem of creating an economically acceptable device for obtaining electricity from solar energy.
Several small experimental designs of photoelectrogenerators were made by the Helio Laboratory in 1960.
The photoelectrogenerator consisted of a photobattery with a surface of 100 cm2 which worked from concentrated solar energy reflected from an aluminum mirror with an effective surface of 1.2 M2. The reflection coefficient of the mirror was equal to about 0.7. The photobattery was placed in a chamber with a glass lid. Water passing through the chamber cooled the face surface of the photobattery. The useful capacity of this device, at a radiation of 3o = 700 kg cal/ m2 hr, was about 10 watt. Without the mirror, the photobattery would have given a useful capacity of 0.5 watt, that is, one twentieth as much.
In some of the problems connected with the use of solar radiation, the so-called selective surfaces are of very great significance, and so a great deal of attention was devoted this research.'8 The Helio Laboratory examined the theoretical aspects of this problem and conducted experiments on creating selective surfaces for solar heating installations. It proved feasible to introduce a concept of an ideal selective surface which in the range of waves from X = 0 to X = X0 is, for instance, absolutely black A = 1, and in the range X = Xo to X = o is absolutely white. As has been done in a number of similar works, 19 we shall call Xo the threshold length.
For an ideal surface, X0 must be such that the ratio between the quantity of absorbed radiation and the quantity of lost energy should be optimal. If, for instance, solar radiation of an absolutely black body at a temperature T, = 6,0000K, then we find that Xo can be determined in microns from the following formula C2 tT,-T2 \X TjT2
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where M =y-o(T24 -T04), C2 is the second constant of Planck's law equal to S0 0.01438 m deg, T, = 6,0000K, T2 is the temperature of the selective surface in OK, To is the temperature of the ambient in OK, a = 4.9 X 10-4 the radiation coefficient of an absolutely black body, and 3o is the solar radiation near the earth's surface in kg cal/M2 hr. Table 1 gives the results for calculations of Xo depending on T, and 35. It can be seen that the value of 30 has little influence on X0. The X0 was also determined graphically on the basis of real solar radiation and it can be seen that the results obtained coincide fairly well with those given in Table 1 . In order to compare the selective absorbing surface with the blackened surface, a number of calculations were done. The efficiency of the heater with a blackened surface decreases much more quickly than that of a heater with a selective surface. The results of the calculations also showed that for improving the efficiency of a heater with a selective surface, it is very important to try to decrease the heat losses by free convection in the air.
Experiments with black selective surfaces were carried out by covering different freshly-polished surfaces of metallic plates with electroplating methods and by spraying with nitrate paints. On the basis of these experiments, it can be concluded that the optimal thickness of the covering layer lies between 0.2 and 0.5 microns if produced by electroplating methods, and the optimal weight of a sprayed black nitrate paint is between 0.2 and 0.4 mg/cm2.
The results of some experiments are given in Tables 2-5, in which E is the fraction of emission and at8 is the fraction of absorptivity compared to those of an ideal black body.
On the basis of existing experiments and calculations, the Helio Laboratory determined the technical characteristics of the different methods of distilling salt water with the help of solar energy.'1 22 The capacity of solar distillers of the obtain the following results: 1. If all the steam produced by the boiler is channeled into an 8-9 stage distiller, then the annual productivity of the installation will amount to about 1.6 X 105 tons of distillate from water containing any amount of salt.
2. If the steam from the solar boiler is used for a condensation turbine, its generating capacity will be 2,500 kw. If this electricity is used to purify water by means of an electro-ionic purifier, the following quantity of water containing about 350 mg of salt per liter will be obtained. The productivity of a hot box distiller with a surface of 20,000 m2 would be about 1.7 X 104 tons of distillate a year.
In recent years, considerable attention is being paid in many countries to the utilization of solar energy. Substantial results have been obtained. Of course, there are still many difficulties which have to be overcome. But they are not difficulties of principle. Just imagine for a moment that mankind had based his power industry on solar radiation, not fuel, and then the proposal to use different kinds of fuel was put forward. Probably, there would have been very many objections.
One could imagine that one of the most important arguments in defense of solar energy would be formulated as follows:
Solar radiation is a "noble" form of energy and it was under its influence that life originated and continues to develop on earth; therefore its use, no matter on what scale, could represent no danger or inconvenience for either the flora or fauna of the world. The use of any other kind of fuel would inevitably be connected with the poisoning of the atmosphere, water, and land. Fuel should be used only where there are no other possibilities of obtaining energy, and in the sunny regions of the world the energy of the sun should be used.
